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Abstract - A new heliangolide has been isolated from aerial parts of Arte- 
misia canariensis, and identified as ~6~,1o;l.)~3~,3aR_.4~,11~)-3a,5,8,11a- 
-tetrahydro4acetoxy-3,6,10-trimethyl-2,9(3~.4H_)-cyclodeca[b]furandione. 
The structural elucidation of the new c-d, named heliangolidin, was 
carried out by spectral means (Ms. IR, ‘H and 13C i\MR, and two dimensional 
‘H-13C chemical shift correlations) and X-ray diffraction analysis. 

In the aerial parts of Artemisia canariensis Lees (Canpositael, an endemic plant of the Canary 

Islands, we had previously fomd six eude snanolides’~2 : vulgarln (I), tabarin (2). acetyltabarin 

(s), 4-epivulgarin (41, 11,13-dihydrosant~in (5) and 11,13-dihydroreynosin (6). 

In the present carmunication, we report on the isolation fmn the same plant of heliangolidir’ 

(I), a new sesquiterpene la&one with a germacradiene stnxture of the heliangolide class. This 

strwctur-e has been elucidated by spectral means (MS, IR, 'H and 13C NlR, and two dimensional ‘HJ3C 

chemical shift correlations) and X-ray diffraction analysis. 

R1 = OH; lQ= C%; R3= H 5 6 7 

R1= R3= on; Rz= ciis 
Rl = OH; R2= CH3; R3’= OAc 
R, = CH3 : R2= OH: R3= H 

‘lhe new canpound, m.p. 187-189OC, [aID= +216.5O, gave satisfactory elemental analysis for a 

C,,H220, forrmla, in agreement with the molecular ion at m/z 306 exhibited by its mass aptctrun. 

‘Ihe presence of an acetate group was indicated by base peak at m/z 43, M-60 fragment at m/z ;‘4i~ 

and by IR absorption at 1735 an-‘. ?Iro other carbonyl absorptions appeared at 17b5 and 1695 cm-’ 

attributable to a y-lactone and an a, B-unsaturated carbcnyl groups respectively. 

As shown in Table 1. the ‘H NVIR spectnzn revealed the occurrence of four methyl absorptiw’s. 

namely, two vinyl methyls at 6 1.73 (singlet) and 6 1.86 (doublet, 5=1.6 Hz), a methyl n to the 

lactcne carbonyl group at 6 1.37 (doublet, 2=7.7 Hz) and the methyl of the acetate moiety at d 

2.04 (singlet). ‘lko vinyl proton absorptions appeared at 6 5.17 (doublet of doublets, 5=10.4 and 
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1.6 Hz) and 5.36 (triplet, J=8.5 f-k). The presence of two protons linked to oxygen-bearing carbons 

was inferred fmn r-e sonarce signals at 6 4.10 (doublet of doublets, 3=10.4 and 2.5 Hz) and 4.86 

(triplet of doublets, J=lO.S and 3.7 Hz). 

Irradiation of the doublet of qua-lets at 6 5.17, attributable to H-5, brings about the 

sim\ltanecus collapse of the doublet of doublets at 6 4.10 to a doublet (J=2.5) and that of UK - 
vinyl methyl doublet at 6 1.86 to a singlet. Conversely, irradiation of the lactonic proton H-6 at 

6 4.10 transformed the H-5 signal into a bmad singlet and simplified the complex absorption at 0 

2.0..2.3 making it possible to assign Me H-7 resonance signal as the expected doublet of doublets , 
of doublets (J=lO.8, 3.6 and 2.5 Hz). Likewise, irradiation at this last resonance introduced 

notable changes in the spectnm’ H-6 was reduced to a doublet (2=10.4), the H.-8 trlplet of 

doublets at 6 4.86 collapsed into a broad doublet due to the simultaneous partial saturation of 

H--9a,while the H-11 quadruplet of doublets at 6 2.50 was converted into a quartet. This signal was 

also identified by irradiation of the corresponding H-13 absorption, a doublet (J=3.6) being then 

observed. 

A double r-e scnance experwnt at the frequency of H-8 converted the Doublet of doublets 

centered at 6 2.63 into a doublet (2=11.9). and also sinpllfied the corrplex reglcn of the spectnrn 

between 62.0-2.3: the H-7 multiplet collapsed into a broad signal and the doublet of doublets at 

2.22 into a doublet (2=11.9). these results indica’;ed that H-8 was adjacent to a methylene group 

(H-9aad H-98). Likewise, irradiation at the H-98 resonance signal transformed H-8 into a triplet 

(2=10.8): but into a broad signal when H-9a was irradiated. The aspect of the signals of this 

methylene group indicated that the contiguous C-10 slioclld be a quatemary carbon atan. 

0-1 the other hand, the small value of .Je.? (2.5 Hz) suggested that this lactose IIILEL be a trans --- 
Al.10 ,c& A 4’5 -germacranolide (heliangolide) with a trans conflguration in the fused y-lactone 

ring 3-6. ‘Ihe analysis of the coupling constants 57,s and Jg,p revealed that the acetoxy group at 

C-8 muSt be moriented. 

Moreover, c-d T_ exhibited the partial structural arrangetzent -Cli,-CH=C(CH,)- which accour- 

ted for the vinyl and vinyl methyl absorptions above mentioned. ‘Ihis moiety was disclosed by a 

further double repsonance experiment. Irradiation of H-l signal at 6 5.36 transformed the m?Lhylenc: 

doublet at 6 3.13 into a broad singlet indica:ing that this methylene must be joined LO :; 

quaternary carban or carbcnyl group. All the canbined portions. taking into account the ~sopr~.~c 

rule, were in agreement with stWt.ure 2. 

Wtherore, as shc~~ in Table 2, the “C P&iR spectrun confirmed the above stmctur‘e. TIw 

presence of three c-y1 groups was inferred from absorptions at 6 201.34 (a.f3-unsaturated 

carbonyl), 178.42 (lactone carbmyl) and 169.87 (acetate). Likewise, the occurrence of four vinyl 

carbons was deduced fmn resonance signals at 6 140.7 and 136.8. attrtbutable to quatemary 

carbons C-4 and C-10 and at 6 119.4 and 125.5, assigned to tertiary carbons C-l and C-5 

respectively. The absorpticns of tertiary carbon atans C-6 and C-8, joined to oxygen at~nls, 

appeared at 6 78.44 and 72.55, whereas mining tertiary carbon atahs C-7 and C-11 exhibited 

resonance signals at 6 53.67 and 38.13. respectively, and secondary carbms C-2 and C-9 presented 

their corresponding signals at 6 41.41 and 46.6. It is worth of note that absorption of C-11 atixn 

shcxred a greater upfield shift than that of C-7, due to the presence in y-position of two 

oxygenated substituents at C-6 and C-8?. Likewise, signal of C-2 was shifted upfield when compared 

to that of C-9, due to the effect of methyl groups at C-4 and C-108. ‘me assignment of scnc of 

these signals cannot be made Dimly and to cbvlate this problem. as shown In Fig. 2, a two 

dimension spectrun with ‘H-“C correlations was carried out. 

An X-ray analysis of heliangolidin was undertaken to assure the stereochemical asslgnnent and 

to sh&i further light on the various conformations assuned. Fig. 3 sho& the stereoscopic view of 

the molecule confomtion and the atun nunbering of the crystal stnr:ture. All pertillent bond 

distances and angles are given in Tables 3 and 4, respectively+. 

+Calculated and observed stnkzture factors, anisotropic thermal parameters and hydrogen atcxn 
coordinates for this work are available on request frwn the Director of the Cambridge 
Crystallographic Data Centre, University Chdcal Laboratory, Lensfield Road,Cambrldge CE2 1Lw. 
Any request should be accanpanied by the full literature citation for this c -ication. 
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TABLE 1. 'HNMR spectrum of Heliangolidin 
(200 Mz. 6. CDC13. J(Hz)) 

FIGURE 1. ' HNMR spectrum of Heliangolidin 

H- 1 5.36 t 

H- 2 3.13 d 

H- 5 5.17 dq 

H- 6 4.10 dd 

H- 7 2.13 m 

H- 8 4.86 td 

H- 9a 2.22 dd 

H- 98 2.63 dd 

H-11 2.50 qd 

H-13 1.37 d 

H-14 1.73 s 

H-15 1.86 d 

CH3CO0 2.04 s 

J1 . 2= 8.5 

8.5 

J5’6=10.4; J2 . 1= J5 1.6 . 15= 

J6 * 5-10.4; J6 . 7= 2.5 

J8,7=J8,ga=10.8; J8,g8=3.7 

Jga,gB=ll.9; J90,8=10.8 

J gB %=11.9; JgB,8= 3.7 

J 11’13= 7.7; Jll 7= 3.6 

J 1,:1,= 7.7 ’ 

J 15.5 = l-6 

TABLE 2. l3 CNMR spectrum of Heliangolidin 
(50.32 Wz, 6. CDC13) 

C-l 119.40 c-10 136.80 
c-2 41.41 c-11 38.13 
c-3 201.34 c-12 178.42 
c-4 140.70 c-13 18.90 
c-5 125.50 c-14 16.81 
C-6 78.44 c-15 19.70 
c-7 53.67 
C-8 72.55 

CH&OO 169.87 

c-9 46.60 
cH,COO 21.09 

TABLE 3. Bond Distances (i) for Heliangolidin 

Atom 1 Atom 2 

:t :] 
C( 3) 
C( 3) 
C( 4) 
C( 4) 
C( 5) 

k[ :; 

Et::,' 
C(l1) 

:y:; 
C( 7) 
C( 8) 
C( 9) 

:I::; 
C( 8) 

:[8:{ 
C(8A) 

C( 2) 
C( 3) 

!I :j 

$1 

:[ 661 
C(12 
O(12 I 
C(ll) 
C(13) 
C( 7) 
C( 6) 
C( 8) 

E(l'o{ 
c 14) I 
C( 1) 

$8:; 

![::; 

Distance 

1.488(6) 

1.531(6) 

1.338(5) 

1.541(5) 
1.566(5 
1.529(5 
1.538(5) 
1.506(5) 
1.509(6) 
1.344(6) 
1.456(4) 
1.328(4 
1.200(6 
1.488(6) 

FIGURE 2. 'H-13CNMR correlated spectrum 
of Heliangolidin 

-- -- 

FIGURE 3. Stereoscopic view of Heliangolidin 
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TABLE 4. Bond Angles (") for Heliangolidin 

Atom 1 Atom 2 

C( 1) 
C( 2) 

S[ 51 

:[ :,' 
C(15) 
C( 4) 

. c”f :; 

Fit 661 
O(12) 
O( 6) 

zt:g 
C(13) 

C( 2) 

:; 331 
C( 3) 

:I 441 
C( 4) 

:I 65; 
C( 6) 

$126{ 
C(12) 
C(12) 

:I::{ 
C(l1) 

Atom 3 

iit :I 
C( 4) 

$] 
C( 5) 
C( 5) 
C( 6) 

k$ 671 
C(12) 
0(12) 
C(l1) 
C(l1) 
C(13) 

"c[ :; 

Angle 

107.4(3) 

120.9(4) 

::33::1:1 
106.1‘3j 

I 112.8 3) 
121.6(4) 
126.9(4) 
111.5(3) 
110.3(4) 
105.6(3) 
114.4(4) 

Atom 1 

C( 6) 

"cl ;; 

$1 
C( 8) 

El 9'1 
C(14) 
C( 7 
C( 8 1 
Oi8Aj 
WM) 
‘W 8) 

$i] 

Atom 2 

C( 7) 
C( 7) 
C( 6) 
C( 7) 
C( 8) 
C( 9) 
C(l0) 
C(10) 
C(l0) 
C( 8) 
O( 8) 
C(8Aj 
C(8A) 
C18AI 
c( sj 
Cl 1) 

Atom 3 

C(l1) 
C( 8) 
0( 6) 

:l :; 
C(l0) 
C(14) 
C( 1) 
C( 1) 

$8:; 
C(8M) 
O(8A) 
O(8A) 

TABLE 5. Experimntal and Statistical Oata for Heliangolidin 

a(b 
b 

$3) 
Z 
Crystal Form 
Space Group 

Ox (Mg M-3) 
M.W. 
u (Mob) 

9.727(6) 
10.229(5) 
16.772(g) 

T(“K) 
F( 000) 
Max. 20(O) 

166:*8(7) Unique Reflections 1>2.5a(I) 
orthorhombic L.S. Parameters 
P 2,212, R 

I I I Rw 
1.219 Max. Residual (e O-3 

306.4 
0.833 cm-' 

Min. Residual (e f4 
_3) 

) 

Angle 

104.5(3) 
115.4(3) 
105.7(3) 

117.1(4) 

125.1(4) 
122.3(4) 
106.2(3) 
125.6(4) 

294 
656 

23.5 
1474 
1163 
266 

0.052 
0.054 
0.24 

-0.25 

TABLE 6. Final Atomic Coordinates for the Non-hydrogen Atoms (~10~) and Equivalent Isotropic 
Temperature Factors (x103) for Heliangolidin 

Atom X Y Z ---- Z E$q(i2) v 

5053( 2) 7.0(2) 
5125(2) 4.9(2 El lij %i i II 

0 8) 
I Et:{ 

-113 2) 
t Et:{ 

4.1(1 C(8A 5548( 4) 2458( 2) 4.1(l) 
0 8A) -1699 3) 8.1(2 i 1 C(8M 4736(4) -;g43; 1912(3) 4.9(2) 

"ct':; 10981 9913 11 4 4 -2137(4) 1327(4) 5551(2) 3082(2) 8.0 4.5 I 2) 1) C( C( 10 9 1 8647(4) 
E# 

-1613(4) -2475(4) 3046(2) 2607(2) 4.6(Z) 4.3(l) 

Et :,’ 
12016(4) -2698( 4) 3639(3) 5.1(2) C(ll) 987(4) 4133( 2) 5.2(2) 
11825(4) 

-:,“‘,:I:{ ::2403[:{ 
4.9(2) 7544(4) 853( 4) 5004(2) 4.8(2) 

C( 4) 11856(4) 5.0(2) :I::; 7170( 7) 2409(5) 3901(3) 11.1(3) 
192(4 4359(2) 4.6(2) C(l4) 9066(4) -3654(4) 3468(3) 5.6(2) 

-348(4 4382(2) 3.8(l) C(15) 13294( 5) 45(5) 4352(3) 6.6(2) 

Calculated from the refined anisotropic thermal parameters 

Beq= 8n2Ueq=~n2LiLj Uija; ajc,aj 
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We cyclodecadiene ring is described by five roughly Planar regions: 

Plans (l):.C(2), C(3), C(4); 

Plane (2): 

(r.m.s.d: 0.113 and 

Plans (3): 

(r.m.s.d: 0.045 and 

Plane (4): 

(r.m.s.d: 0.009 and 

Plane (5): 

FIGURE 4. 

C(l), C(2), C(4). C(5) 
l-i 

maximus deviation O.ld); 0 OAc 

C(I), C(5), C(6), C(l0) \ 

maxinnn' deviation O.C&; 

C(6), C(7), C(9), C(l0) 

maxirram deviation O.Oli) and Me 

C(7), C(8), C(9). 
Me \ 

0 

lhe dihedral angle between planes (1) and (2) is 57.5O and that between planes (2) and (3) is 

52.0'=, which define a boat region; the dihedral angle between planes (3) and (4) is 63.6O and that 

between planes (4) and (5) is 58.8O, which define a chair region (Fig. 4). Therefore, the 

cyclodecadiene ring adopts a chair-boat conformation canparable to that found in eupaformoning 

and dihydroheliangin'O. 

Likewise, as in these gennacranolide sesquiterpenes, the value of the torsion angle of the cis - 
double bond (C(3)-C(4)-C(5)<(6): 5.7') is lmer than that of the trans double bond (C(9)-C(lO)- 

-C(l)-C(2): 164.8O) in agreement with the more strained character of the latter. (XI the other 

hand, the C(2)-C(l)-C(lO)-C(14) torsion angle (-11.6O) is higher than that found in dihydrohelian- 

ginlo (-7O). 

The y-lactcne ring adopts a planar conformation (mean plane: (C(6)~:(7)~:(11)-C(l2)-0(6), 

r.m.s.d: 0.004, maximum deviation: O.ooSi), the O(12) atan also lying in this plane. Similarly, 

the acetate ester group is also planar (r.m.s.d. 0.001 and maxinun deviation: 0.002A) foning an 

angle of 78.8O with the mean plane. The observed mean length distances are within the range of the 

accepted values: (C(Sp3)<:(Sp3) 1.536(21), C(Sp3)-C(Sp2) 1.508(16), C(Sp2)-C(Sp2) 1.507, C=C 

1.340(6), C(Sp3j-O(R) 1.460(6), C(Sp2)-O(R) 1.333(7) and C=O 1.203(3). 

The shortest intermolecular contacts are O(8A) ...C(8M)i = 3.249i (i=l.-x,O.5+y,O.5-z), 

0(6)...0(3)ii= 3.2& (ii=-O.S+x,O.5-y,l.-z) and C(8M)...O(6)"' = 3.392i' (iii=1.5-x,-y,-O.5+2). 

-AL 

Melting points were measured on a Kofler hot stage apparatus and are corrected, U.V. spectra were 
obtained in ethsnolic solution with a Perkin-Elmer 550s spectruneter. Optical measurements were 
determined in a Per-kin-Elmer 141 polarimeter. Infrared spectra were recorded on a Perkin-Elmer 681 
spectrometer in solution using CHcl, as solvent. I_cw-resolution and high-resolution mass spectra 
were recorded on a VG Micrcmass ZAB-2F epectrcmeter. 'tUWR and 13CIWR spectrawere made at 2C0 and 
50.32 MHz, respectively, on a Bruker WP-200 SY spectmneter, using the solvent deuteriun signal to 
field-frequency lock the spectruneter. 'lhe heteronuclesr 13C-'H shift correlated 2-D WI7 was 
performed using a BNker WP-200 SY spectruneter upgraded with an Aspect-2000 computer. 'Ihe applied 
pulse sequence was 

("12. 'R)-(7,/z)-(sr 13C)-(r,/2)-A, (n/2.‘ti;n/2, 13C)-A2 

acquisition with A'= 4 ms and A2=2 ma. 'lhe spectral width was in F'= 1101.2 Hz (5.4 ppn), in F2 = 
7042.2 Hz (139.9 ppn); the n-r of data points in F, was 4CW and 70 increments were recorded. 

Isolaticn of Heli~olldine fmn Artemisia canariensis. Air dried aerial parts of A. canariensis 
Lees (10 kg) collected in January 1984 in Mesa Mota (Tenerife, Spain) were finely grow'd and 
extracted with boiling water under pressure for 6 h. 'The aqueous solution was then continuously 
extracted with CHcla. Evaporation of the CWl, extract furnished a residue (33.3 g) which was 
chr-unatographed over 250 g of silica gel, eluting with hexane-sthyl acetate and collecting 50 ml 
fractions as follm: 400 ml 4:1, 400 ml 2:1, loo0 ml 4:3, 600 ml l:l, 403 ml 1:2 and 200 ml 0:l. 
The ccn&ined 4:3 fractions afforded cNde heliangolidin (z) (400 mg) which was purified by colurm 
chrunatography over 38.6 g of silica gel eluting with a 3:2 hexane-ethyl acetate mixture and 
recrystallization 
0.194, CHcls); UV X, 
percent) 306 CM', 
167 (32.77); Anal. 

X-Ray Analysis of Heliangoliciin. Single crystals of 7 were prepared by slew crystallization from 
ethyl acetate solutions. A single crystal of dimensions 0.23 x 0.32 x 0.16 nrn, cut from an 
irregular Crystal of 5 x 3x 1 mn, wasmxlnted on an Enraf-Nonius CAD4F autanated diffractometer. 
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Cell parameters were derived fmn the setting angles of 25 reflections with 4"<8 <ll". Intensity 
data were collected using the w-20 scan technique with graphite moncchrcmatized MoKa radiation. 
Intensities were not corrected for absorption or extinction 8 max = 23.5O, h = O-10, k: C-11, 
l:O-18. three reference reflections were measured every hour and revealed no decay (variaticn<l%). 
Lorentz and polarization corrections were applied to the 1474 unique reflections and the 1163 with 
1>2.50(1) were used in the refinement of the stature. The direct methods program" MULTAN 11/82 
was used to solve the strUCture and the refinement on F was carried out by full matrix least 
sqUres'2. Refined parameters included atanic positions of all atans and anisotropic terrperature 
factors for non-hydrogen atans. The hydrogen atans were refined with ccnmon isotropic tmerature 
factors and its positions were determined ftwn difference Fourier synthesis exce t 
hydrogens which were calculated. lhe haxltion minimized in the refinement was Ew( 
where w = 1/(n2(F)+0.CC9625F2), 

P 

the math 1 
IF,I-IFcIl) Y 

II(F) was &rived from counting statistics. 
Final R and Rw were 0.052 and 0.054, respectively. Parameters refined n= 266, (_'hr&,,,, = 0.25. 

Maximm and minim heights in final difference Fcurier synthesis were 0.24 and -0.25 d -3. 
AdditioMl ccmputer programs used were XANADU" and PLUTO" . Table 5 presents a sunnary of 
experimental and statistical data for z. Final atomic positions and equivalent isotropic thermal 
parrmeters with their estimated standard deviations (e.s.d.1 are listed in Table 6. 
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